Natural rubber production in Hevea brasiliensis is determined by both tapping and ethephon frequencies. It is affected by a complex physiological disorder called tapping panel dryness. This syndrome is likely to be induced by environmental and latex harvesting stresses. Defence responses, including rubber biosynthesis, are dramatically mediated by wounding, jasmonate and ethylene (ET), among other factors. Using real-time RT-PCR, the effects of wounding, methyl jasmonate (MeJA) and ET on the relative transcript abundance of a set of 25 genes involved in their signalling and metabolic pathways were studied in the bark of 3-month-old epicormic shoots. Temporal regulation was found for 9 out of 25 genes. Wounding treatment regulated the transcript abundance of 10 genes. Wounding-specific regulation was noted for the HbMAPK, HbBTF3b, HbCAS1, HbLTPP and HbPLD genes. MeJA treatment regulated the transcript abundance of nine genes. Of these, the HbMYB, HbCAS2, HbCIPK and HbChi genes were shown to be specifically MeJA inducible. ET response was accompanied by regulation of the transcript abundance of eight genes, and six genes, HbETR2, HbEIN2, HbEIN3, HbCaM, HbPIP1 and HbQM, were specifically regulated by ET treatment. Additionally, the transcript level of the HbGP and HbACR genes was enhanced by all three treatments simultaneously. Overall, a large number of genes were found to be regulated 4 h after the treatments were applied. This study nevertheless revealed some jasmonic acidindependent wound signalling pathways in H. brasiliensis, provided a general characterization of signalling pathways and will serve as a new base from which to launch advanced studies of the network of pathways operating in H. brasiliensis.
Introduction
Hevea brasiliensis (Willd. ex A. Juss.) Müll. Arg. is a perennial tropical species from the Amazon basin and a member of the family Euphorbiaceae. This sole commercial source of natural rubber is widely cultivated in Southeast Asia, supplying world consumption. The economic importance of natural rubber and its ever-growing consumption have prompted numerous investigations into the related biochemical and biological processes (Kush et al. 1990 , Priyadarshan et al. 2009 , Norton et al. 2007 , Sando et al. 2009 ). Natural rubber-containing latex is harvested by tapping the bark at frequencies ranging from 2 to 5 days. Natural rubber biosynthesis takes place in latex cells and is a typical secondary metabolism with isopentenyl pyrophosphate as the precursor of rubber molecules (Kush 1994) . Latex vessels in the phloem form a reticulated network of anastomosed cells dedicated to natural rubber synthesis. Upon tapping, which consists in excising a thin layer of trunk bark ∼1-mm thick, the latex vessels are opened and latex flows out (d' Auzac 1989 , Kush et al. 1990 , Priyadarshan et al. 2009 , Sando et al. 2009 ). The number of latex vessels and the metabolic activity of latex cells are, therefore, the most important factors influencing rubber yield in H. brasiliensis (Gomez 1982) .
For some H. brasiliensis clones, stimulation with ethephon (chloro-2-ethylphosphonic acid) is required to ease latex flow and activate the metabolism for latex regeneration between tappings (Audley et al. 1976 , Tungngoen et al. 2009 ). Stimulation is associated with marked changes in the physiology and metabolism of latex cells, which induce a large but transient increase in latex production (Gidrol et al. 1988) .
Mechanical damage to bark tissues, caused by excessive tapping and over-stimulation with ethephon, can cause oxidative stress inside latex cells, leading to the tapping panel dry-ness (TPD) syndrome in H. brasiliensis. In that case, latex flow is stopped, with in situ coagulation of rubber particles or deep degeneration of tissues related to cell death mechanisms (Chrestin 1989 , Krishnakumar et al. 2006 , Sookmark et al. 2006 , Venkatachalam et al. 2007 , 2009 , Zeng et al. 2009 ). A by-product of the ethylene (ET) biosynthetic pathway is cyanide (HCN), which is a cytotoxic component inhibiting the respiration system. HCN is detoxified by beta-cyanoalanine synthase (βCAS), thereby recycling the reduced nitrogen of HCN for amino acid synthesis (Fujita et al. 2006 , Abe et al. 2008 , Asumaniemi et al. 2009 ). In H. brasiliensis, it has been reported that a lethal imbalance between cyanogenic and CNdetoxifying activities (CAS) in the phloem of necrotic trees can lead to the poisoning of neighbouring cells and the spread of tissue necrosis towards the tapping cut . ET, jasmonic acid (JA) and wounding are important factors involved in coordinating responses to tapping and stimulation in H. brasiliensis, such as latex cell metabolism, laticifer differentiation, rubber biosynthesis and cell senescence. Exogenous jasmonate and mechanical wounding can significantly induce laticifer differentiation (Hao and Wu 2000) . Recently, jasmonate was shown to play an important role as a signalling molecule that regulates rubber biosynthesis (Zeng et al. 2009 ).
Genes involved in signalling pathways play a major role in stress regulation. ET perception and signalling is well described in Arabidopsis, from receptors to transcription factors, but ET response regulation has proved to be complex (Kendrick and Chang 2008) . ET receptors are negative regulators of the ET response pathway (Guo and Ecker 2004) . In contrast, EIN2 and EIN3 are positive regulators of the ET signalling pathway (Angelini et al. 2008) . When EIN2 is activated, it triggers a transcriptional cascade involving EIN3/ EIL and ERF transcription factors. EIN3 protein accumulates in the nucleus and initiates a transcriptional cascade, resulting in the activation and repression of hundreds of genes in Arabidopsis thaliana (Stepanova and Alonso 2005) . EIN2 has been recognized as a molecular link between distinct hormone response pathways of ET and JA in A. thaliana (Leon et al. 2001 ). However, the intrinsic nature, the mechanism and the role of signal interaction in plants has yet to be identified. Jasmonates are major signals synthesized in plants via the octadecanoid pathway (Seo et al. 2001) . A critical component of the JA receptor complex is Coronatine Insensitive 1 (COI1), an F-box protein (Alabadi et al. 2002 , Katsir et al. 2008 . Jasmonate ZIM-domain (JAZ) repressors are targeted by the SCF(COI1) complex for proteasome degradation in response to jasmonate (Chini et al. 2007 (Chini et al. , 2009 ). Degradation of JAZ repressors leads to the release of MYC2, a bHLH transcriptional activator that binds the G-box (CACGTG) or the T/G-box (AACGTG) in promoters, allowing the activation of JA responses (Dombrecht et al. 2007 ). In plants, wounding is a common damage resulting from biotic and abiotic stresses (Cheong et al. 2002) . To effectively cope with wounding, plants have evolved the capacity to activate defence mechanisms that prevent further damage, which largely depend on the transcriptional activation of specific genes (Leon et al. 2001) . Many signals are involved in the complex wound signalling network, including jasmonates (Farmer and Ryan 1990) and ET (O'Donnell et al. 1996) . The production of JA and ET and their consequent signalling pathways mediate various defence responses in plants, either independently or collaboratively, to initiate an induced systematic resistance (Dong 1998) .
Crosstalk between JA and ET pathways may enable plants to optimize their defence strategies more efficiently and economically (Baldwin 1998) . Generally, the interaction between JA and ET signalling pathways occurs on three basic levels: (i) regulation of key hormone biosynthesis genes; (ii) JA and ET crosstalk through the common components of the amplified signal transduction pathways, such as ERF1 (Lorenzo et al. 2003) ; it has been demonstrated that ORA59 is also an essential integrator of the JA and ET signal transduction pathways (Pre et al. 2008 , Memelink 2009 ); several ERF genes of group IXa, such as GhERF-IXa1, GhERF-IXa2 and GhERF-IXa5, were highly induced synergistically by JA in combination with ET in cotton (Champion et al. 2009 ); (iii) regulation of common target gene signals that converge towards the interaction between JA and ET (Benavente and Alonso 2006) .
H. brasiliensis is an interesting system in which to study the interaction between wounding, JA and ET, since they may act together to induce changes in phloem tissues, such as controlling the differentiation of latex cells and their metabolism. In order to define conditions for a transcriptomic analysis of these interactions, our study set out to identify the influences of timing and of genes specifically regulated by wounding, methyl jasmonate (MeJA) and ET signals for use as an internal control in further transcriptomic analyses. We report here on the regulation of the relative transcript abundance of 25 genes involved in the JA and ET signalling pathways and in cellular responses using real-time RT-PCR.
Materials and methods

Plant material and treatments
Budded plants of clone PB 260 were grown at 28°C in a greenhouse under natural light. Three-month-old epicormic shoots from budded plants and leaves were treated at the same time. The leaves were mechanically wounded by squeezing their entire surface with pincers, whilst the bark was wounded every 0.5 cm by scarification with a razor blade. Timings after treatment were selected on the basis of various preliminary kinetics experiments. Tissues were wounded at 8:00 am and collected 15 min and 4 h after treatment. For the ET and MeJA gas treatment, plants were placed in a 300-l open-door Plexiglas box overnight before treatment. One part per million of pure ET gas (0.3 ml/300 l) was injected into the sealed air-tight box. The concentration was controlled by gas chromatography (Type HP 5280 with FID detector). Tissues were collected 4 and 24 h after treatment. For the MeJA treatment, 20 µl of liquid ≥95% MeJA solution (Sigma, St Louis, MO) was diluted in 500 µl of absolute ethanol and then placed on Whatmann paper inside the box for gas release. Tissues were collected 1 and 4 h after treatment. An inhibitor of ET action, 1-methyl cyclopropane (1-MCP), was used to demonstrate the specific effect of ET. Plants were pre-treated for 16 h with 1 ppm 1-MCP prepared with 480 mg of a 1-MCP-releasing powder (0.14% SmartFresh™, Philadelphia, PA) dissolved in 7.2 ml of water. After ventilation, plants were then treated with 1 ppm ET for 4 or 24 h. Control plants used for the ET, 1-MCP/ET and MeJA treatments were placed in the box and exposed to air only. In order to avoid variation due to the daytime and to biological development, each treatment was compared with a specific control sampled at the same time and with the same culture conditions in three biological replications. After treatment, tissues were collected and immediately frozen in liquid nitrogen and stored at −80°C pending RNA extraction.
Total RNA extraction
Leaf and bark samples were collected from three individual plants for each control or treatment. One gram of tissue was taken and ground in liquid nitrogen. Total RNA was extracted using the caesium chloride cushion method adapted from Sambrook et al. (1989) . Briefly, the powder was transferred to a tube containing 30 ml of extraction buffer consisting of 4 M guanidium isothiocyanate, 1% sarcosine, 1% PVP and 1% β-mercaptoethanol. After mixing, tubes were kept on ice and then centrifuged at 10 000 rpm at 4°C for 30 min. The supernatant was transferred to a new tube containing 8 ml of 5.7 M CsCl. Ultracentrifugation in a swinging bucket was carried out at 25 000 rpm at 20°C for 20 h. The supernatant and caesium cushion were discarded whilst the RNA pellet was washed with 70% ethanol. After 30 min of air drying, the pellet was dissolved in 200 µl of sterile water. RNAs were conserved at −80°C. Choice of a set of representative genes A representative set of 25 genes was selected for further gene expression analysis (Table 1) . These genes were identified in H. brasiliensis EST and cDNA sequence databases (Han et al. 2000 , Zeng et al. 2003 , Chow et al. 2007 , Duan et al. 2006 , Montoro et al. 2008 . They were respectively involved in the jasmonate and ET signalling pathways and defence responses: 5 genes (HbETR1, HbETR2, HbEIN2, HbMAPK and HbCOI1) related to ET perception and transduction of jasmonate and ET signals, 5 other genes encoding transcription factors (HbEIN3, HbSAUR, HbWRKY, HbMYB and HbBTF3b), 12 genes encoding functional proteins (HbPIP1, HbGS, HbUbi, HbLTPP, HbACR, HbACBP, HbCaM, HbCIPK, HbGP, HbCAS1, HbCAS2 and HbPLD) and 3 genes related to plant defence and programmed cell death (HbChi, HbDef and HbQM).
Gene expression analysis by real-time RT-PCR
Primers were designed for the 25 genes selected from the EST sequences with Vector NTI software (Invitrogen, Carlsbad, CA) in order to provide a PCR product of ∼200 bp for further gene expression analyses by real-time PCR ( 
Statistical data analyses
For each treatment, reactions were set up with three biological replications. Statistical analysis was performed with ANOVA after logarithmic transformation of raw data, and ANOVA was followed by Student Newman-Keuls test when more than two levels were compared. For the treatments, changes in relative transcript abundance were expressed as the ratio between treatments and its specific control collected at the same time and grown under the same conditions (greenhouse or in box). It was calculated with the mean value of the triplicate. The statistical analysis was carried out from the logarithm of raw data using the two-tailed probability values of the t-test. The ratio with a P-value ≤0.05 was adopted as significant for down-or up-regulation.
Results
HbActin is a suitable internal control for gene expression analysis
Actin transcript abundance is not prone to change in response to treatments. Primers were designed for HbActin and HbUbi genes in H. brasiliensis (Table 2 ). The stability of the tran-script abundance of these two housekeeping genes was assessed by real-time RT-PCR in bark tissues from plants subjected to various treatments at different timings. Melting curves revealed the high specificity of the primers (Figure 1) . The Cp value for HbActin was more stable than for HbUbi in response to the 19 conditions. HbActin could, therefore, be used as a reference gene (Figure 2 ).
Temporal regulation of the expression of 25 genes
The temporal expression of a set of 25 selected genes putatively involved in the jasmonate and ET signalling pathways and their molecular responses was monitored during the daytime at 8:00 am, 12:00 pm and 4:00 pm (Table 3 ). The transcripts of the HbMYB, HbGP and HbChi genes were accumulated at a very low level (up to 6.79 × 10 −7 ) compared with HbWRKY, HbACBP, HbLTPP, HbUbi, HbPIP1, HbDef and HbQM transcripts, which accumulated at a very high level (up to 8.15 × 10 +1 ). The accumulation of HbSAUR and HbEIN2 transcripts gradually increased from 8:00 am to 4:00 pm, whilst the quantity of HbDef transcripts decreased. Interestingly, transcripts of five genes (HbMYB, HbBTF3b, HbACBP, HbLTPP and HbPIP1) were first significantly reduced at 12:00 pm only to increase again at 4:00 pm. This dramatic regulation of the relative transcript abundance of 9 out of 25 genes highlights the need to use a specific control sampled at the same time for each treatment in further experiments.
Regulation of the expression of 25 genes by wounding, MeJA and ET treatments
The collection of 25 selected genes showed differential gene expression in bark in response to wounding, MeJA and ET treatments ( Table 4 ). The relative transcript abundance was quantified by referring to the stable reference gene HbActin. Transcript level regulation was exhibited with the ratio of mean values of three individual relative quantifications of treated and control samples specifically collected at the same time to avoid any daytime variation. In this analysis, the variation in relative transcript abundance between the treatment and the control was considered significant when the P-value was below 0.05. Up-regulation was estimated when the ratio was higher than 1, whilst down-regulation was noted for ratios below 1. Mechanical wounding triggered early (15 min) or late (4 h) responses in gene expression for 10 out of 25 genes. Ratios below 1 were significant for six genes only 15 min after wounding: HbMAPK, HbBTF3b, HbCAS1, HbLTPP, HbPLD and HbDef. Low ratios were maintained 4 h after wounding for HbMAPK, HbLTPP and HbDef, but it was significant only for HbPLD and HbCOI1, which were late downregulated. Three genes (HbSAUR, HbACR and HbGP) were up-regulated only 4 h after treatment, presenting a ratio between 1.7 and 5.6 times. Of the non-significantly wound-induced genes (HbETR1, HbETR2, HbEIN3, HbMYB, HbCAS2, HbChi and HbQM), early dramatic induction of the HbChi gene (212 times) by wounding remained noteworthy compared with the other treatments.
Application of exogenous MeJA gas significantly impacted on the relative transcript abundance of 9 out of the 25 genes studied 1 or 4 h after treatment. There were five genes upregulated by MeJA treatment (HbSAUR, HbACR, HbCAS2, HbCIPK and HbGP) and four genes down-regulated (HbCOI1, HbMYB, HbChi and HbDef ). The HbCAS2 and HbGP genes were induced as early as 1 h after MeJA treatment, and the maximum accumulation of HbCAS2 transcripts was observed 4 h after treatment. The relative transcript abundance of three other genes (HbSAUR, HbACR and HbCIPK) was stimulated by MeJA 4 h after treatment. The HbMYB and HbChi genes were down-regulated as early as 1 h after treatment. We could, therefore, consider that HbChi was totally inhibited 4 h after treatment despite the high P-value (0.22).
Application of exogenous ET gas significantly influenced the relative transcript abundance of eight genes. Four hours after ET application, the expression of five genes (HbETR2, HbACR, HbPIP1, HbGP and HbQM) was up-regulated from 1.8 to 4.3 times. After 24 h, the accumulation of transcripts of the HbETR2 gene was continuously enhanced up to 8.1 times but with a higher P-value (0.08). In contrast, the expression of three genes (HbEIN2, HbEIN3 and HbCaM) was totally inhibited. Interestingly, six genes (HbETR1, HbMAPK, HbWRKY, HbACBP, HbGS and HbUbi) did not display any changes under the three treatments (wounding, MeJA and ET) in our data set conditions and system.
Effect of a 1-MCP pre-treatment on the expression of ET-responsive genes
The effect of an ET action inhibitor, 1-MCP, was tested on the relative transcript abundance of five ET-responsive genes induced 4 h after treatment (Table 5 ). Although P-values were higher than 0.05, pre-treatment with 1-MCP prevented the induction by ET of four genes in bark (HbETR2, HbPIP1, HbGP and HbQM). In contrast, accumulation of the transcript of the HbACR gene was not affected by 1-MCP pre-treatment. In this case, indirect ET action was assumed to affect the regulation of this gene.
Discussion
Tapping and ethephon stimulation of rubber trees trigger molecular mechanisms in phloem tissues that involve wounding, jasmonate and ET signalling pathways. Interaction between these components is presumed to control major parameters of latex production, such as the differentiation of latex cells, Table 4 . Analysis of the expression of selected genes by real-time RT-PCR in the bark of 3-month-old epicormic shoots of clone PB 260. The level of expression was calculated as the ratio between the relative transcript abundances of treated and control plants on average. It was considered as up-regulation when the ratio was >1.0 and down-regulation when the ratio was <1.0. The P-value corresponds to the Fisher test of the ANOVA.
Genes
Wounding rubber biosynthesis and TPD (Chrestin 1989 , Krishnakumar et al. 2006 , Sookmark et al. 2006 , Venkatachalam et al. 2007 , 2009 , Zheng et al. 2009 ). In order to decipher these mechanisms, experimental conditions suitable for identifying key genes need to be defined. To that end, we studied a simple plant model, developed robust high-throughput real-time RT-PCR and identified specifically regulated genes out of a set of target genes selected for their involvement in the studied pathways. We report here on the regulation of the relative transcript abundance of 25 genes involved in the JA and ET signalling pathways and in cellular responses. Given the complexity of interactions between tapping, ethephon stimulation and environmental stresses in rubber trees, the identification of wounding, MeJA and ET-responsive genes was initiated in a simple model consisting of the bark of 3-month-old epicormic stems cultivated under controlled conditions in the greenhouse. This plant material can be regularly generated from budded clones and our results showed that variability was sufficiently low to observe significant variation in relative transcript abundance between treated and control plants.
The HbActin gene proves to be the most stable internal control for relative quantification of transcript abundance under stress. A reference gene with stable expression in one organism may not be suitable for normalization of gene expression in another organism under a given set of conditions and needs to be validated before it is used (Jain et al. 2006) . Indeed, housekeeping genes may exhibit differential expression patterns and should be carefully chosen for relative quantification (Yan and Liou 2006) . HbUbi proved to be sensitive to treatments. In addition, although some other genes (HbETR1, HbWRKY, HbACBP, HbGS and HbUbi) did not display any significant changes under the three treat-ments (wounding, MeJA and ET), the variation in their ratio did not allow them to be used as an internal control to study the effect of such treatments. In contrast, the HbActin gene revealed stable transcript abundance in response to treatments. It was, therefore, chosen as the internal control for relative quantification of gene expression.
A robust real-time RT-PCR gene expression method using a 384-well plate with an automation workstation was developed to study a large set of target genes. The expression of 25 genes for plants treated by wounding, MeJA and ET was analysed with a Light Cycler 480 (Roche, Basel, Switzerland) at two timings in triplicate. Of the almost 1000 PCR reactions carried out, 9 out of 25 and 30 out of 150 conditions (genes × treatments) provided significant changes in relative transcript abundance with a P-value below 0.05 when only 1.25 (25 × 0.05) and 7.5 (150 × 0.05) would have been expected by random chance for experiments described in Tables 3 and 4, respectively. Our results showed that the variability between biological replicates was sufficiently low to observe significant variation in relative transcript abundance between treated and control plants.
The variability in relative transcript abundance during the day required the application of a specific plant control growing under the same conditions and collected at the same time. Temporal regulation of gene expression has been well documented for a long time in plants (Bowman et al. 1988 , Bustos et al. 1991 , Granell et al. 1992 , Zhao et al. 1994 , Zhu-Shimoni et al. 1997 , Jain et al. 2007 ). To our knowledge, we showed for the first time that a large proportion of genes, 9 of the 25 studied, are regulated during the day in H. brasiliensis. Interestingly, that regulation affects genes expressed in bark tissues, which appear photosynthetic since chlorophyll cells were observed. Four hours after treatment was the best time to observe variation in the expression of most of the genes. Seventeen genes were regulated 4 h after treatment (5 genes for wounding, 7 genes for MeJA and 5 genes for ET) compared with other times (6 genes for wounding after 15 min, 4 genes for MeJA after 1 h and 3 genes for ET after 24 h). This confirmed preliminary kinetics studies conducted for the ACC oxidase multigene family involved in ET biosynthesis (Kuswanhadi et al. 2010) .
A representative distribution of genes regulated by wounding, MeJA and ET was carried out (Figure 3) . Fifteen of the 25 studied genes revealed significant regulation by wounding, MeJA or ET. Of them, five were specifically regulated by wounding (HbMAPK, HbBTF3b, HbCAS1, HbLTPP and HbPLD), four by MeJA (HbCAS2, HbMYB, HbCIPK and HbChi) and six by ET (HbETR2, HbEIN2, HbEIN3, HbCaM, HbPIP1 and HbQM). Interestingly, only three genes (HbCOI1, HbSAUR and HbDef) could be induced by either wounding or MeJA. Two other genes (HbGP and HbACR) could be induced by any of the three treatments studied. However, the specific down-regulation of the HbChi gene by MeJA should be considered with caution because that gene was highly induced by wounding although the changes in relative transcript abundance were not significant. This study reveals that the response to wounding in the bark of H. brasiliensis is not strictly dependent on the jasmonate signalling pathway. Indeed, five genes were shown to be specifically down-regulated by wounding without any ET or MeJA effect. In the literature, wounding signals are known to be transmitted via at least two pathways, one being JA independent whereas the other is JA dependent (Titarenko et al. 1997 , Leon et al. 1998 . We suggest here the existence of JA-independent wound signalling pathways in H. brasiliensis.
Our results are consistent with data from the literature. For instance, the HbCOI1 gene isolated from bark tissue in this study was regulated by wounding and MeJA, but not by ET in rubber tree clone PB 260. In clone RRIM 600, it was reported that COI1 was present as a single copy and had high transcription in laticifers and low transcription in bark and leaves (Peng et al. 2009 ). Interestingly, its transcription was induced in latex by tapping and jasmonate but not by ethephon. This confirmed that HbCOI1 expression is ET independent in H. brasiliensis and displays a differential response under the regulation of wounding and JA. It has also been reported that expression of the HbMYB1 transcription factor was significantly decreased in the bark of TPD trees and is likely to be associated with TPD. HbMyb1 may act as a negative regulator for programmed cell death-induced genes; intense tapping and ET stimulation resulted in decreased expression of HbMYB1 (Chen et al. 2003) , and this was validated by Venkatachalam et al. (2007) . The sequence of HbMYB selected in this analysis was similar to the MYB gene reported earlier (Chen et al. 2003 , Venkatachalam et al. 2007 . Our data showed that the HbMYB gene was MeJA dependent and down-regulated by MeJA stress in H. brasiliensis. This HbMYB gene is suspected of being possibly involved in JA-mediated stress signalling pathways, as demonstrated in A. thaliana (Yanhui et al. 2006 , Jung et al. 2007 . With regard to ET receptors, five have been identified in Arabidopsis and organized into two subfamilies (Klee 2004) . Subfamily I (ETR1 and ERS1) is characterized by three amino terminal transmembrane domains and histidine kinase activity, whilst Subfamily II (ETR2, EIN4 and ERS2) has four transmembrane domains and serine/threonine kinase activity, except for the Subfamily I receptor ERS1, which has both activities (Klee 2004) . More recently, the complexity of ET signalling and regulation has emerged (Kendrick and Chang 2008) . ETR1 and ETR2 can be differentially regulated by ET (Ziliotto et al. 2008) . In Hevea, early induction of the HbETR2 gene by ET is suppressed by the ET inhibitor 1-MCP. These data tally with results published for apple and peach, indicating that ETR2 but not ETR1 gene expression is affected by 1-MCP (Dal Cin et al. 2007 , Ziliotto et al. 2008 .
It is reported here for the first time in H. brasiliensis that several genes are regulated during the day and can take independent signalling pathways. This provides a cogent view of unique and shared transcriptional responses through wounding, JA and ET signalling pathways, exemplifying the complexity of signal interactions in plants. With a view to discovering the network of genes regulated under tapping and ethephon stimulation and functions related to latex production and the TPD syndrome, experimental conditions might be suggested based on our study. On one hand, wounding, MeJA and ET treatments proved to be very efficient in triggering the regulation of a large number of genes in Hevea. Use of an ET action inhibitor also shows the feasibility of a pharmacological approach using our system. On the other hand, a large number of genes were shown to be regulated 4 h after treatments, and consequently, this timing is proposed for identifying new genes. This information paves the way for both a transcriptomics approach and a functional analysis of candidate genes under strictly controlled conditions. Consequently, studies on crosstalk between hormone signalling pathways can be considered to gain a clearer understanding of the fine-tuning of defence responses in plants.
